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ABSTRACT 
In this report, a detailed FTIR fitting analysis was used to recognize Mg, Zn and Al 
homogeneous distribution in MgxZnyAl(x+y)/2-Layered double hydroxide (LDH) 
hydroxyl layer. In detail, OH-Mg2Al:OH-Mg3 ratios decreased from 95.2:4.8 (MIR) 
and 94.2:5.8 (NIR) to 58.9:41.1 (MIR) and 61.8:38.2 (NIR), when Mg:Al increased 
from 2.2:1.0 to 4.1:1.0 in MgAl-LDHs. These fitting results were similar with 
theoretical calculations of 94.3:5.7 and 59.0:41.0. In a further analysis of 
MgxZnyAl(x+y)/2-LDHs, OH bonded Zn2Mg, Zn2Al, MgZnAl, Mg2Al and Mg2Zn 
peaks were identified at 3420, 3430, 3445~3450, 3454 and 3545 cm-1, respectively. 
With the decrease of Mg:Zn from 3:1 to 1:3, metal-hydroxyl bands changed from OH-
Mg2Al and MgZnAl (with a ratio of 49.4:50.6) to OH-MgZnAl and Zn2Al (with a 
ratio of 55.0:45.0). They were also similar with theoretical calculations of 47.6:52.4 
and 54.6:45.4. As a result, these results show that there is an ordered cation 
distribution in MgxZnyAl(x+y)/2-LDH, and FTIR is feasible in recognizing this 
structure.  
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1. Introduction 
   Layered double hydroxide (LDH) is a kind of anionic clay with the general formula 
[M2+(1-x)M3+x(OH)2][An-]x/n·yH2O [1, 2]. It is made up of the metal hydroxyl layer 
([M2+(1-x)M3+x(OH)2]x-) and hydrated interlayer anions (An-).yH2O. This structure is 
widely adjustable for many kinds of divalent, trivalent cations (Mg2+, Zn2+, Ca2+, Cu2+ 
etc.) and anions (Cl-, CO32-, CrO42- PO43- etc.) [3, 4]. As a result, LDH addresses a 
broad range of properties and applications. For examples, it is usually utilized as 
adsorbent to remove toxic anions such as selenates, chromates or phosphate from 
aqueous environment [5-8]. It also functions as effective catalysts, supports and 
precursors [9-12]. Furthermore, it is promising in drug delivery and controlled release 
[13, 14]. However, all these attractive applications are determined by the cation 
ordering in the metal hydroxyl layer, because its order will control the metal 
arrangement and charge distribution in LDH and its calcined product. Thus, it has 
consequences regarding the bonding, reactivity, orientation, and mobility of the 
chemical species in the interlayer and on the surface [15]. Therefore, it requires a 
molecular level understanding of the cation binding or distribution in the metal 
hydroxyl layer. 
   Generally, there are two possibilities for LDH cation distribution, disordered and 
homogeneous models. In a disordered or random model, for MgAl-LDH as an 
example, there would be four kinds of hydroxyls, OH-Mg3 (one hydroxyl bonded 
with three Mg), OH-Mg2Al, OH-MgAl2 and OH-Al3 [16]. However, cations in LDH 
are reported to be homogeneously distributed regarding both cation (25Mg MAS 
NMR, 27Al TRAPDOR NMR) and hydroxyl (1H TRAPDOR NMR) [17, 18]. Paul et 
al. have described that there are only OH-Mg3 and OH-Mg2Al in MgxAl-LDH (x = 
2~4). Specifically, OH-Mg2Al is the only hydroxyl specie in Mg:Al=2 [15]. Sylvian 
  
et al. also reported that cation distribution is generally ordered or homogeneous, 
although there may be some defects in the metal hydroxyl layer [18]. Their basic 
characterization tool is nuclear magnetic resonance (NMR).  
   On the other hand, research on cation distribution in complicated LDH system, such 
as MgZnAl-LDH, has seldom been reported. As a matter of fact, there is barely 
noticed on whether MgZnAl-LDH is the mixture of MgAl and ZnAl-LDH or a tri-
metal LDH system. In other words, whether there is homogeneous distribution of Mg, 
Zn and Al in MgxZnyAl(x+y)/2-LDHs. Considering the LDH structure, one cation is 
bonded with six hydroxyls, and one hydroxyl is adjacent to three metals in the 
hydroxyl layer [19]. Therefore, the ordering could be investigated both from the view 
point of cation and hydroxyl. Since cation and hydroxyl have different characteristic 
bands in Fourier transform infrared spectroscopy (FTIR) [20], we assume that cation 
ordering could be analyzed with FTIR, a widely lab-owned equipment compared with 
NMR. Moreover, in our early reports, the hydroxyl in LDH has been successfully 
fitted into different species [21-23], such as Mg, Zn and Al bonded OH [21]. As a 
result, a further cation distribution analysis seems to be feasible and necessarily 
needed.  
   Therefore, the objectives of this report are to (1) demonstrate whether FTIR is 
feasible in recognizing the homogeneous cation distribution in MgAl and ZnAl-LDH, 
(2) whether there is an ordered cation distribution in MgxZnyAl(x+y)/2-LDHs. In other 
words, whether it is just a mixture of MgAl and ZnAl-LDH, and (3) whether FTIR is 
further feasible in recognizing the homogeneous cation distribution in 
MgxZnyAl(x+y)/2-LDHs. For these aims, a detailed band component fitting and 
analysis of near- and middle-FTIR was applied. 
 
  
2. Materials and methods 
2.1. Sample Preparation 
   Firstly, typical LDHs with Mg:Al = 2, 3 and 4 were synthesized to testify the 
feasibility of IR in recognizing homogeneous cation distribution in MgxAl-LDHs. 
Then, LDHs with (Mg+Zn):Al = 2 were synthesized to see whether cations were 
homogeneously distrusted in MgxZnyAl(x+y)/2-LDHs, and whether IR was feasible in 
recognizing this ordered structure. Under M2+:M3+ =2, there will be only one type of 
hydroxyl: M2+2M3+-OH [15]. 
   After all, in this paper, all LDHs were generally obtained by hydrothermal method 
with a molar ratio of 2:0:1, 3:0:1, 4:0:1, 0:2:1, 3:1:2, 2:2:2, 1:3:2 and 2:2:1 [24]. In 
detail, for Mg2Al-LDH as an example, a salt mixture solution (50ml) containing 0.04 
mol of MgCl2 and 0.02 mol of AlCl3 were added to an alkaline solution (50mL) 
containing 0.12 mol of NaOH and 0.01 mol of NaCO3 under magnetic stirring for 1 h. 
After the obtained mixture was washed by centrifuge for 3 times to remove residual 
salts, the solid was dispersed into 100ml water and aged under hydrothermal for 16 h. 
The slurry was then centrifuged to collect the LDH products. After being dried, all 
samples were milled and stored for further analysis. Specially, to compare with 
MgZnAl LDH, a mixture sample was mixed thoroughly by Mg2Al and Zn2Al LDH 
according to a weight ratio about 1:1. 
 
2.2. Characterization 
   X-ray diffraction (XRD) patterns of the LDH samples were recorded in an XRD 
DLMAX-2550 (Rigaku Co.) using Cu Kα radiation (λ = 0.15418 nm) from 2θ = 3 to 
80 o at a scanning rate of 3 o per minute. Metal contents of synthesized solids were 
analyzed by completely dissolving 0.015 g of sample in 100 ml 5% HNO3 and 
  
determining Mg, Zn, Al concentrations with inductively coupled plasma optical - 
emission spectrometer (ICP-AES) (Model Prodidy, Leeman). The microstructures of 
the samples were determined by HITACHI SU-1510 scanning electron microscope 
(SEM). 
   MIR spectra were recorded on Thermo Scientific Nicolet 380 FTIR Spectrometer 
with the scanning range from 350-4000 cm-1 at a resolution of 1.0 cm-1 after scanning 
126 times. NIR spectra were collected on a Nicolet Nexus FTIR spectrometer with a 
Nicolet Near-IR Fibreport accessory (Madison, Wisconsin). A white light source was 
used, with a quartz beam splitter and TEC NIR InGaAs detector. Spectra were 
obtained from 13,000 to 4000 cm-1 (0.77-2.50 μm) (770–2500 nm) at a resolution of 4 
cm-1 after scanning 126 times. A mirror velocity of 1.266 m/s was used. Spectral 
manipulation such as baseline adjustments, smoothing, and normalization was 
undertaken using the Omnic software package. In general, absorptivity coefficients of 
hydroxyl peaks in NIR and MIR were 0.50 and 0.20 (Table 1), respectively. As a 
result, the intensity of the peaks as measured by the area under the hydroxyl peaks can 
give some measurement of cation concentration. Then IR spectrum was deconvoluted 
using the software Peakfit by selecting and adjusting the peak position and width. 
Peak fitting was done using a combined Gauss and Lorentz function with minimal 
deconvoluted peaks in the fitting process. The fitting was undertaken until 
reproducible results were obtained with squared correlations of R2 greater than 0.995, 
and error margins of peak (cm-1) and FWHM (cm-1) between each sample were all 
controlled within 5%. 
 
3. Results and discussion 
3.1. Whether the synthesized LDHs could reflect the homogeneous cation distribution? 
  
   Before the analysis, there were two basic problems to be solved. The first one is 
whether these samples were LDHs and what (Mg+Zn):Al molar ratios were in them. 
These ratios would determine the components percentage in the latter calculation. 
Another problem is whether these synthesized samples were big enough to exhibit the 
wholly ordered distribution. If the LDH were too small nano-particles, the cations in 
one single particle layer would be too little to reflect a believable ordering.  
 
Fig. 1. XRD of synthesized Mg2Al, Mg3Al, Mg4Al, Zn2Al, Mg3ZnAl2, Mg2Zn2Al2, 
MgZn3Al2-LDHs 
(Single column fitting image) 
 
   Fig. 1 shows all the XRD patterns of the synthesized samples are typical LDHs. 
Generally, these figures all exhibited a single LDH pattern including the basic 
reflections of the reported (003), (006), (009), (015), (018), (110) and (113), similar 
  
with the standard PDF#36-1455 and other reports [25, 26]. At the same time, Fig. 1 
also indicates that there was little impure phase in these samples, since these patterns 
only showed obvious LDH peaks. Thus, these synthesized LDHs seemed to contain 
little segregated amorphous metal compounds. Furthermore, SEM of the synthesized 
LDH was supplied in Fig. S1. It exhibited image of quite pure LDH microstructure. 
On the other hand, as for the metal components, all the determined ratios confirmed 
well with the arranged ones with little deviations according to the metal molar ratio 
analysis by ICP-AES (Table 1). For example, Mg4Al and Mg2Zn2Al2 LDH showed a 
molar ratio of 4.1:1.0 and 1.2:1.2:1.0, respectively. These obtained metal ratios would 
be used in the later calculation instead of the arranged ones. After all, all these 
evidences proved that fairly pure LDH was successfully synthesized, and these 
synthesized LDH was ready for a further analysis. 
Table 1. Metal molar ratio and crystallite size of synthetic LDHs. 
 Mg:Zn:Al Molar ratio 
Absorptivity 
coefficients 
(MIR/NIR) 
a (nm) c (nm) 
Crystallite 
size in 
direction a 
(nm) 
Crystallite 
size in 
direction c 
(nm) 
Mg2Al 2.2:1.0 0.53/0.18 0.30 2.29 64.5 44.2 
Mg3Al 3.4:1.0 0.47/0.20 0.31 2.35 58.9 40.9 
Mg4Al 4.1:1.0 0.46/0.20 0.31 2.39 51.7 36.3 
Zn2Al 2.2:1.0 0.51/-- 0.31 2.28 65.1 63.0 
Mg3ZnAl2 2.8:1.0:1.7 0.52/-- 0.31 2.27 62.3 45.3 
Mg2Zn2Al2 1.2:1.2:1.0 0.47/-- 0.31 2.28 66.4 55.2 
MgZn3Al2 1.0:2.7:1.6 0.46/-- 0.31 2.27 65.4 63.2 
Note: “--” not detected 
   Table 1 lists the crystal parameters and the calculated sizes of the synthesized 
LDHs. These results exhibited these LDH samples to be relative big particles. In 
detail, the unit cell parameter a (=2d110) is the average distance between two metal 
ions in the layers, in other words a function of the average radii of the metal cations. 
As for c (=3d003), it is a function of the average charge of the metal cations, the nature 
of the interlayer anion and the water content. The average crystallite size in the a and 
  
c directions may be estimated from the values of the full width at half maximum 
(FWHM) of the (110) and (003) diffraction peaks respectively by means of the 
Scherrer equation [27]: 
 
L = 0.89 × λ
β(θ)× cos θ 
    
   Where L is the crystallite size, λ is the wavelength of the radiation used (0.15418), θ 
is the Bragg diffraction angle and β(θ) is the FWHM. All the calculated results were 
listed in Table 1. As these data showed, a and c were 0.31 and 2.30 nm, similar with 
the results reported elsewhere [28]. As for the average size, they were 60 and 50 nm 
in a and c directions, about 200 and 20 times bigger than a and c, respectively. For 
Mg3ZnAl2-LDH as an example, it was 62.25 and 45.28 nm in the a and c direction. 
That was to say, the LDH hydroxyl layers were relative bigger enough to contain 
numerous cations and character the ordered distribution. Moreover, the LDHs 
synthesized in this paper are obviously bigger than other reports. For instance, they 
were about 50% bigger than that reported by Lin et al [27]. Thus, all samples were 
obvious LDH particles containing enough ordered or disordered messages for further 
analysis.  
 
3.2. Whether IR is feasible in recognizing homogeneous cation distribution? 
   Fig. 2 presents FTIR spectrum and their fitting results of Mg2xAl2CO3-LDH 
hydrotalcite (x=2, 3, 4) from 4000 to 2500 cm-1. In general, each overlapped hydroxyl 
peak was fitted into five hydroxyl-stretching bands [29]. In detail, the bands around 
3450 to 3550 cm-1 were reported to be the OH-metal vibration [30]. Here, they were 
OH-Mg3 (3575 cm-1) and OH-Mg2Al (3455 cm-1) (denoted as OH-M3 and OH-M2A) 
  
according to the homogeneous cation distribution model [15, 30]. Band around 3600 
cm-1 belonged to the free water or defect water [31], and as for the rest two, they were 
high structure-link band which were attributed by anion-H2O (Here was CO32--H2O) 
bridging and H-bonded mode located around 3250 and 2950 cm-1, respectively [32]. 
Take Mg3Al-LDH for an instance, OH-Mg3 and OH-Mg2Al peaks were around 3580 
and 3459 cm-1. CO32--H2O bridging and H-bonded mode were located around 3236 
and 2938 cm-1. The left 3600 cm-1 peak belongs to free or defect water. 
 
Fig. 2. MIR fitting results of hydroxyl band by homogeneous theory in Mg2Al, 
Mg3Al, Mg4Al-LDHs 
(Single column fitting image) 
 
   On the other hand, as Fig. 2 shows, when Mg:Al ratio increased from 2:2 to 4:1, the 
relative area of OH-Mg3 increased together with a decreasing OH-Mg2Al area. 
Specifically, OH-Mg2Al (3452 cm-1) was the main hydroxyl component in Mg2Al-
LDH. However, in Mg4Al-LDH, OH-Mg3 (3575 cm-1) had become the main partial. 
  
Among the OH bands, FTIR area ratios of OH-Mg3:OH-Mg2Al were influenced by 
the Mg:Al molar ratios and would approximately reflected percentages of total metal-
hydroxyl amounts in the LDH structures. As a result, their theoretical percentages 
were calculated via the obtained metal ratios in Table 1 and a homogeneous cation 
distribution model [15]. All the fitting parameters and results were listed in Table 2.  
Table 2. FTIR fitting results of hydroxyl band by homogeneous theory compared 
with the theoretical calculations by an ordered cation distribution model 
 OH-M2A  OH-M3 Fitted Area 
Ratio a 
Ordered Area 
Ratio b   Peak 
(cm-1) 
FWHM 
(cm-1) 
Peak 
(cm-1) 
FWHM 
(cm-1) 
Mg2Al-MIR 3452 245 3575 260 95.2:4.8 94.3:5.7 
Mg3Al-MIR 3459 245 3580 260 65.2:34.8 69.0:31.0 
Mg4Al-MIR 3455 255 3575 270 58.9:41.1 59.0:41.0 
Mg2Al-NIR 6921 417 7095 250 94.2:5.8  
Mg3Al-NIR 6911 410 7095 250 69.8:30.2  
Mg4Al-NIR 6906 427 7095 250 61.8:38.2  
a:Area ratio calculated via OH-M2A:OH-M3 from fitting results; b: Area ratio calculated via OH-
M2A:OH-M3 from ordered model 
 
   As Table 2 exhibits, the FTIR fitting area ratio of OH-M3:OH-M2A is very similar 
with the ordered model ratio. For example, when Mg:Al=2.2, the FTIR area ratio after 
fitting was about 95.2:4.8. It was much similar with the theoretical ratio of 94.3:5.7, 
which was calculated from the ordered distribution model [15]. This could be 
explained by the homogeneous theory. Specifically, in the ordered arrangement of 
LDH, Mg and Al cations are homogeneous in the metal hydroxide sheets, and most of 
the OH-groups are triply coordinated (when not at the edges of the hydrotalcite). In 
particular, no OH-groups containing more than one Al are observed, which provides 
strong evidence that there are no Al3+-Al3+ contacts in the metal hydroxide sheets, as 
shown in Fig. S2A. In other words, there is only one kind of hydroxyl, OH-M2A, in 
the metal hydroxide sheets of Mg2Al-LDH. However, our synthesized sample was a 
little different from this arranged ratio. As a result, there was a little amount of OH-
M3 component observed. As for Mg3Al-LDH and Mg4Al-LDH, both the two 
  
hydroxide components OH-M3 and OH-M2A can be found. After all, the shift of the 
OH-M2A resonance is accompanied by a decrease in the intensity of the OH-M3 
resonance (Table 2), and they are in good agreement with the relative concentrations 
calculated by ordered cation distribution model. For instance, OH-M2A:OH-M3 ratio 
decreased from 95.2:4.8 to 58.9:41.1, when the Mg:Al molar ratio increased from 2.2 
to 4.1. Considering the peaks of defect water, anion-H2O bridging and H-bonded 
hydroxyl, they were important parts of the big overlapped band. However, they show 
little information about the cation distribution, and their fitting results are supplied in 
Table S1. 
 
Fig. 3. NIR fitting results of hydroxyl band by homogeneous theory in Mg2Al, Mg3Al, 
Mg4Al-LDHs 
(Single column fitting image) 
 
   In order to exhibit the repeatability of the fitting strategy, these samples in Fig. 2 
were characterized by NIR. After obtaining the NIR spectrums, a similar fitting in Fig. 
2 was applied to the first overtone (around 7500-6000 cm-1) of hydroxyl in NIR, and 
  
the fitting curves are showed in Fig. 3. In general, fittings in Fig. 3 are very similar 
with those in Fig. 2. In detail, the first overtone of overlapped hydroxyl peak is also 
fitted into five hydroxyl-stretching bands, including OH-metal vibration (7095-6906 
cm-1), free water or defect water (7231 cm-1), anion-H2O bridging and H-bonded 
mode (6396-6612 cm-1). For Mg4Al-LDH as an example, OH-Mg3 and OH-Mg2Al 
bands were around 7095 and 6906 cm-1. CO32--H2O bridging and H-bonded mode 
were located around 6600 and 6396 cm-1. The left 7231 cm-1 peak belongs to free or 
defect water. Moreover, when Mg:Al ratio increased from 2:2 to 4:1, the relative area 
of OH-Mg3 also increased with a decreasing OH-Mg2Al area, just as Fig. 2 shows. 
Similarly, OH-Mg2Al (6921 cm-1) was the main hydroxyl component in Mg2Al-LDH. 
However, in Mg4Al-LDH, OH-Mg3 (7095 cm-1) had grown into the main partial. 
   Table 2 lists the fitting results of NIR, the NIR fitting area ratio of OH-M3:OH-
M2A is very similar with the MIR fitting and the ordered model ratio. For example, 
when Mg:Al=3.4, the fitting area ratio was 65.2:34.8 and 69.8:30.2 in MIR and NIR, 
respectively. These ratios were much similar with each other and the theoretical 
calculated ratio of 69.0:31.0. As for OH-M2A:OH-M3, it decreased from 94.2:5.8 to 
61.8:38.2, when the Mg:Al molar ratio increased from 2.2 to 4.1. These results in NIR 
analyses all accorded well with the data in MIR fittings. 
   Furthermore, in order to compare our ordered fitting with the disorder arrangement, 
another fitting according to the disorder distribution was also undertook and showed 
in Fig. S3. In this strategy, each kind of LDH contained four kind of hydroxyl, OH-
M3, OH-M2A, OH-MA2 and OH-A3 (Fig S1B). Their theoretical ratios were also 
calculated via a disorder cation distribution model [15]. However, this fitting is 
obviously unacceptable because the real fitting results were very different from the 
theoretical calculations. The squared correlations of R2 obtained were smaller than 
  
0.995. For example, when Mg2Al-LDH fitted with the disorder arrangement, R2 was 
as low as 0.948. As a result, the homogeneous fitting is much more acceptable, and all 
these results proved the feasibility of FTIR in recognizing homogeneous cation 
distribution in Mg/ZnAl-LDH system. 
 
3.3. Whether there was a homogeneous cation distribution in MgxZnyAl(x+y)/2-LDHs 
structure?  
 
Fig. 4. MIR fitting results of metal-oxide band by homogeneous theory in MgZnAl-
LDHs 
(Single column fitting image) 
 
   Fig. 4 shows FTIR spectrum and their fitting results of MgxZnyAl(x+y)/2-LDHs with 
various metal ratios between 500 and 380 cm-1, including Mg:Zn:Al = 2:0:1 (0 meant 
  
no Zn content), 3:1:2, 2:2:2 (equal to 1:1:1), 1:3:2 and 0:2:1. Moreover, a mixture of 
LDH with 2:0:1 and 0:2:1 was also compared in Fig. 4. This wavenumber range is 
usually distrusted with metal-oxide bands [33]. In general, each overlapped metal-
oxide peak is fitted into Mg, Zn and Al-oxide bands. For Mg2Zn2Al2 as an example, 
the overlapped band was fitting into three peaks located at 449, 438 and 429 cm-1, 
belonging to Mg, Al and Zn-oxide vibrations, respectively. Specially, as for 2:0:1 and 
0:2:1 samples, there were only two fitted bands. As Mg2Al-LDH showed, it was made 
up by two peaks around 451 and 462 cm-1.  
   Firstly, Mg2Al and Zn2Al-LDHs were compared. Fig. 4 shows each of them are 
fitted into two individual bands, with Al-oxide located at a higher wavenumber and 
Mg/Zn-oxide band distributed at a lower one. That was to say, in Mg2Al-LDH (Fig. 
4), the peak at 462 and 451 cm-1 were attributed to Al-oxide and Mg-oxide band, 
respectively. This could also be explained by the ordered LDH structure. As Fig. S2A 
shows, in the homogeneous cation distribution, one metal is bonded with six oxide-
metal (M-O) bands, and considering the homogeneous distribution model, there is 
only two kinds of M-O in Mg2Al-LDH. They are Mg-(OMg)3(OAl)3 and Al-(OMg)6 
(denoted as MO-M3A3 and AO-M6). Similarly, in the Zn2Al-LDH, there are only 
ZO-Z3A3 and AO-Z6 bands.  
   Fig. 4 also compares Mg3ZnAl2, Mg2Zn2Al2 and MgZn3Al2-LDHs. When a third 
metal was synthesized into the structure of LDH hydroxyl layer, a new M-O band 
appeared and the origin two M-O bands shifted slightly according to the changes in 
the structure. Take Mg3ZnAl2-LDH as an instance, compared with Mg2Al-LDH, a 
quarter amount of Mg was replaced via Zn. As a result, theoretically, a quarter of 
MO-M3A3 changed into ZO-M3A3, and a quarter of MO-M3A3 changed into MO-
Z3A3. Between them, ZO-M3A3 was located around 430 cm-1, similar with that of 
  
pure Zn2Al-LDH. However, bands of MO-M3A3 and MO-Z3A3 were similar with 
each other and overlapped at the FTIR region of 450 cm-1. As a result, they were fitted 
into one integrated peak and denoted as MOi-M3A3. Similarly, a quarter of AO-M6 
changed into AO-M3Z3, but still located around 443 cm-1 (denoted as AOi-M6). 
   When the replacement of Mg further took place and half of Mg was replaced via Zn, 
the FTIR spectrum changed to the form of Mg2Zn2Al2-LDH in Fig. 4. Accordingly, 
three M-O bands in Mg2Zn2Al2-LDH changed into MO-Z3A3 (449 cm-1), AO-M3Z3 
(438 cm-1) and ZO-M3A3 (429 cm-1). After this, a much farther Mg replacement 
resulted in the fitting in MgZn3Al2-LDH. As a matter of fact, this case was equal to a 
quarter Zn replacements via Mg from Zn2Al-LDH. However, this time, there were 
integrated bands of AOi-Z6 (437 cm-1) and ZOi-Z3A3 (431 cm-1), instead of AOi-M6 
and MOi-M3A3. Note that in Fig. 4, from Mg2Al to Zn2Al, with the replacement of 
Mg with Zn, the whole spectrum changed step by step. In addition, we also show in 
Fig. 4 the mixture of Mg2Al and Zn2Al-LDH. It was obvious to be a simple overlap 
of Mg2Al and Zn2Al-LDH, and it differed greatly from Mg2Zn2Al2-LDH. This result 
proved that there existed tri-metal LDH: MgxZnyAl(x+y)/2-LDHs, instead of a simple 
overlap of MgAl and ZnAl-LDH. After all, all the fitting results are listed in Table 3. 
   Table 3 shows that M-O species area ratio calculated by fitting results accords with 
the origin metal ratio from the corresponding LDH structure (Table 1). For example, 
in Mg2Al-LDH, MO-M3A3:AO-M6 = 2.1:1.0. It was similar with the Mg:Al ratio of 
2.2:1.0 in Table 1. For another example, in MgZn3Al2-LDH, MO-Z3A3:ZOi-
Z3A3:AOi-Z6 = 1.0: 3.3: 2.1. This ratio was also similar with 1.0:2.7:1.6 (Mg:Zn:Al). 
Specially, in the mixture of Mg2Al and Zn2Al-LDH, MO-M3A3:AO-M6 and ZO-
Z3A3:AO-Z6 were both around 2.1:1.0. All these results showed that MgxZnyAl(x+y)/2-
LDHs were steady structures with detectable trends according to the metal 
  
components. In other words, there was a homogeneous cation distribution in 
MgxZnyAl(x+y)/2-LDH. 
Table 3. FTIR fitting results of metal-oxide band by homogeneous theory  
 
Species Peak (cm-1)  Area (a.u.) FWHM(cm-1) Species Area 
ratio 
Mg2Al MO-M3A3 451 1.7 14 2.1:1.0 
 AO-M6 462 0.8 18  
Mg3ZnAl2 MOi-M3A3 449 1.7 21 2.9:2.0:1 
 AOi-M6 443 1.2 13  
 ZO-M3A3 430 0.6 17 
MgZnAl MO-Z3A3 449 0.7 21 1.0:1.0:1.0 
 AO-M3Z3 438 0.7 14  
 ZO-M3A3 429 0.7 18  
MgZn3Al2 MO-Z3A3 449 0.5 21 1.0: 2.1: 3.3 
 AOi-Z6 437 1.0 19  
 ZOi-Z3A3 431 1.5 25  
Zn2Al ZO-Z3A3 444 1.2 22 1.8:1.0 
 AO-Z6 429 0.7 27  
Mg2Al+Zn2Al MO-M3A3 451 0.6 14 2.0:1.0 
 AO-M6 461 0.3 15  
 ZO-Z3A3 429 1.5 24 2.4:1.0 
 AO-Z6 445 0.6 25  
 
3.4. Whether FTIR was feasible in recognizing homogeneous cation distribution from 
hydroxyl in MgxZnyAl(x+y)/2-LDH structure?  
   Fig. 5 compares FTIR and the corresponding fitting curves of Mg3ZnAl2, 
Mg2Zn2Al2 and MgZn3Al2-LDH from 4000 to 2500 cm-1. Generally, each 
overlapped hydroxyl peak is fitted into four kinds of hydroxyl-stretching bands. This 
was similar with the fitting in Fig. 2. In detail, the bands around 3445 cm-1 belonged 
to the OH-metal vibration 30. Moreover, there were similar bands observed around 
2938, 3236 and 3590 cm-1, which belonged to the CO3-H2O bridging mode, H-
bonded hydroxyl and lattice defects water, respectively. 
  
 
Fig. 5. MIR fitting results of hydroxyl band by homogeneous theory in Mg3ZnAl2, 
Mg2Zn2Al2, MgZn3Al2-LDHs 
(Single column fitting image) 
 
   However, as for the OH-metal vibration in MgxZnyAl(x+y)/2-LDH, the fittings were 
different from those in Mg2Al-LDH and Zn2Al-LDH (Fig. 2). Specially, Zn2Mg, 
Zn2Al, ZnMgAl, Mg2Al and Mg2Zn-hydroxyl bands with different ratio were 
distributed from 3400 to 3550 cm-1. Take Mg3ZnAl2-LDH as an instance, bands of 
MgZnAl and Mg2Al-OH would be located around this period of wavenumbers, 
according to the homogeneous cation distribution. However, since MgZnAl-OH 
resulted from the replacement of Mg via Zn in Mg2Al-OH, these two bands were very 
similar with each other. As a result, MgZnAl and Mg2Al-OH (denoted as MZA and 
M2Al) were fitted at 3454 and 3445 cm-1, respectively. When half of Mg in Mg2Al-
LDH was replaced by Zn, there resulted in Mg2Zn2Al2-LDH. In this case, 
theoretically, there was only one kind of MZA band. But as a matter of fact, the 
synthesized metal ratio was 1.2:1.2:1.0. As a result, M2A and Z2A bands were also 
  
found in Mg2Zn2Al2-LDH, and they were located at 3545 and 3420 cm-1. In addition, 
these two bands were close to MZA. After this, when a further replacement happened, 
there resulted in MZA and Z2A at 3447 and 3430 cm-1 in MgZn3Al2-LDH. Note that 
in these results, MZA band were steadily fitted around 3446 cm-1. After all, 
theoretical ratios of the three curves were calculated from the ordered model equation 
and their FTIR fitting area ratios are all listed in Table 4 and Table S1.  
Table 4. FTIR fitting results of hydroxyl band by homogeneous theory compared 
with the theoretical calculations by an ordered cation distribution model 
  Z2M Z2A ZMA M2A M2Z 
Mg2Zn2Al2 Peak (cm-1) 3420 / 3445 / 3545 
 FWHM (cm-1) 185 / 230 / 200 
 Fitted Area (%)a 5.0 / 90.5 / 4.5 
 Ordered Area (%)b 4.8 / 89.6 / 5.6 
Mg3ZnAl2 Peak (cm-1) / / 3445 3454 / 
 FWHM (cm-1) / / 230 245 / 
 Fitted Area (%)a / / 50.6 49.4 / 
 Ordered Area (%)b / / 52.4 47.6 / 
MgZn3Al2 Peak (cm-1) / 3430 3447 / / 
 FWHM (cm-1) / 202 230 / / 
 Fitted Area (%)a / 45.0 55.0 / / 
 Ordered Area (%)b / 45.4 54.6 / / 
a:Area(%) calculated via the species areas from fitting results; b: Area(%) calculated via the species 
areas from ordered model 
 
   As Table 4 indicated, the ordered FTIR area ratios were similar with the theoretical 
calculated results. Take Mg2Zn2Al2-LDH for an example, this LDH was equal to 
Mg2Al-LDH with 50% Mg being replaced by Zn. Therefore, in the homogeneous 
model, there would be only one kind of MgZnAl-hydroxyl in the cation arrangement, 
if the metal ratio of Mg:Zn:Al was strictly accords with 1:1:1. However, as showed in 
Table 1, the formed Mg2Zn2Al2-LDH got a molar ratio of 1.2:1.2:1.0. Thus, there 
would be three kinds of hydroxyl, M2Z, MZA and MZ2 located from 3400 to 3550 
cm-1. According to the fitting result, these three bands were centered at 3545, 3445 
and 3240 cm-1. Moreover, their FTIR ratios were 5.0:90.5:4.5, very similar with 
  
theoretical calculation of 4.8:89.6:5.6. As for Mg3ZnAl2 or MgZn3Al2-LDH, there 
was much more M2Z or MZ2 content than those in Mg2Zn2Al2-LDH, and both their 
fitting were close to the theoretical ratios from ordered model calculation. These 
results all supported that FTIR was feasible in recognizing homogeneous cation 
distribution from hydroxyl in MgxZnyAl(x+y)/2-LDH structure.  
 
4. Conclusions 
   A combination of near- and mid-infrared spectroscopic investigation shows that the 
Mg, Zn and Al cations are homogeneously distributed in the MgxZnyAl(x+y)/2-LDHs 
hydroxyl layer. The fitting results of these spectrums were in good agreement with the 
relative concentrations calculated using theoretical ordered model. In MgAl-LDH, 
Mg2Al-OH and Mg3-OH IR translation modes are observed at 3452~3459 cm-1 and 
3575~3580 cm-1, respectively. Their relative area ratio decreased with the increase of 
Mg:Al. In MgxZnyAl(x+y)/2-LDHs, Zn2Mg-OH, Zn2Al-OH, ZnMgAl, Mg2Al and 
Mg2Zn-OH bands are identified at 3420, 3430, 3445~3450, 3454 and 3545 cm-1, 
respectively. The ratios of different metal-OH are also similar with percentages 
calculated using three-metal hydroxyl structural ordered model. In addition, in all 
samples, CO32--OH was identified at 2938~2945 cm-1, an H-bonded interlayer H2O 
mode at 3236~3246 cm-1, the H-OH bending was around 3600~3610 cm-1. In 
summary, the feasibility of FTIR spectroscopy to investigate cation distributions in 
MgxZnyAl(x+y)/2-LDHs is readily proved.   
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    FTIR fitting results of CO32--bonded, H-bonded water and Lattice Defect Water, 
random and ordered cation distribution model of LDH hydroxyl layer of Mg2Al, 
disordered hydroxyl fitting results of synthesized LDHs including Mg2Al, Mg3Al, 
and Mg4Al are supplied in the supporting information. 
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